Introduction
High-temperature superconductors (HTS) such as YBa 2 Cu 3 O (Y-123) have generated tremendous excite-ment because of their potential technological applications. 123-type compounds can be formed with most of the rare earth (RE) elements with T ≈ 90 K [1, 2] . Some authors [3] [4] [5] consider that the partial substitution of Y 3+ ions with rare-earth ions induces variations of the crystal lattice and formation of a stress field and causes local flux pinning at the unit cell level. In addition, several reports have shown that pinning forces can be enhanced through chemical doping with Pr, Nd, Sm, Eu, Gd, Er etc. in Y-123 superconductors [6] [7] [8] . The presence of a magnetic ion gives also rise to the appearance of a magnetic sub-lattice, though its contribution to HTS magnetic properties remains uncertain [9] . It is important that GdBa 2 Cu 3 O superconductor is also antiferromagnetic with Neel temperature T N ∼ 2.2 K. Below the magnetic ordering temperature superconductivity coexists with antiferromagnetism. Because of an absence of electron and oxygen vacancies below T , phonon-based heat transfer predominates at temperatures T < T . All Cu-O plane superconductors (GdBa 2 Cu 3 O ceramic sample) exhibit a surprisingly large phonon contribution, up to 95% of the total heat current [10] .
As a continuation of our studies on RE substitution in YBa 2 Cu 3 O [11, 12] we report the synthesis, phase formation, superconducting and thermal conductivity properties of the quasi-equal substitution of non-magnetic (Y 3+ ) with magnetic (Gd 3+ ).
Experimental
The samples were synthesized by the optimised ceramic method which included solid-state reactions and sintering [13, 14] . We used the triple heat treatment regime with intermediate grindings. followed by calcination in flowing oxygen at 900°C for 21h. The second step of the heat treatment was conducted at 930°C for 21h at the same atmosphere, followed by annealing at 450°C for 2h. The last step involved grinding and pressing the powder into pellets followed by sintering at 950°C for 23 h, slow cooling to 450°C and holding at that temperature for 23 h.
X-ray diffraction (XRD) examinations were performed in air with a D8 Advance X-ray diffractometer, using CuK α radiation at a tube voltage of 40 kV and a tube current of 40 mA and DRON3M diffractometer, using CoK α radiation at a tube voltage of 35 kV and a tube current of 30 mA. The parameters of XRD data collection were 2°/min for the scanning speed, 10°to 90°and 10°to 70°for the scanning range (2θ). The microstructure of the samples was studied by means of Jeol JSM-840A Scanning Electron Microscopy (SEM). To look at the structure and the composition, polished cross-sections from the samples were prepared. The chemical composition of the samples was determined by X-ray microanalysis, using the Energy Dispersive Spectroscopy (EDS) method on a LINK Analytical AN10000 system. The qualitative and quantitative analyses were carried out at an accelerating voltage 20 kV that is a normal condition for these purposes. Optical im- sample.
ages were taken with polarized light using a Nikon, Micro hot-FX optical microscope (OM). The oxygen content was determined spectrophotometrically [15] . AC susceptibility was measured with commercial MagLab-Oxford 7000 susceptometer in the AC-fields of 0.1, 1 and 10 Oe at 1000 Hz. For these measurements, the sample was cut into bars of approximately 2 5 × 2 5 × 11 mm 3 . The thermal conductivity k measurements were carried out automatically using steady-state method. The error of k(T) measurements was below 3%. The experimental setup has been described elsewhere [10] .
Discussion and results
The X-ray diffraction scan of a Y 0 5 Gd 0 5 Ba 2 Cu 3 O 6 94 bulk sample measured at room temperature is shown in Fig. 1 . The pattern shows that only 123 phase is present as all the observed peaks were indexed to the orthorhombic YBCO structure [16] . It is also evident that the Y 0 5 Gd 0 5 Ba 2 Cu 3 O 6 94 sample has a very high degree of c axis alignment as the pattern is dominated by a series of (00l) lines. The calculated lattice constants from the observed d spacing, assuming that the crystal structure is orthorhombic were = 3 828±0 002 Å = 3 889±0 002 Å and = 11 693 ± 0 002 Å. [18] , the local distortions due to Gd ions should generate the local stresses which should lead to the local modifications in the hole concentrations. We suppose that the presence of additional holes leads to formation of GdBaCuO clusters, known to be good pinning centres [9] .
Scanning electron microscopy image of investigated sample is shown in Fig. 2 . The crystallites sizes are 20-30 µm. The sample is well crystallized with clear grain boundaries and is homogeneous without secondary phases. According to the EDS results material consists averagely of 3.8% Y, 4.8% Gd, 15.8% Ba and 23.5% Cu. SEM and XRD results correlate well for the presence of a stoichiometric 123 phase.
On Fig. 3 , real parts of fundamental AC magnetic susceptibility as a function of temperature are present for sample at different AC magnetic field amplitudes. For H = 0.1 Oe and 1 Oe sample is screened by intergranular current only. By increasing the magnetic field amplitude up to 10 Oe, two temperature ranges with intra and inter-granular screening appear. In this case the higher fields has been screened by the higher currents supported by the large carrier concentration. Using the experimental data we estimated that T =93 K.
This prompted us to focus our attention on the thermal conductivity of the sample. The measurements were per- The density of the studied sample is 7.293 g/cm 3 . The obtained results are show in Fig. 4 , where the inset graph shows the same data on logarithmic axes. The behaviour of κ(T ) confirms a single-phase structure of the studied sample. As T rises from T to 300 K, κ(T ) continuously increases. Between 4.5 -7.58 K our thermal conductivity data can be modelled well by a second-order polynomial k(T ) = C 1 + C 2 T + C 3 T 2 (C 1 C 2 C 3 are shown in the Fig. 5 ) and k(T ) = C T 2 with a prefactor C ≈ 0.025 W/mK (Fig. 4) . It is well known that GdBa 2 Cu 3 O 7−δ superconductor is also antiferomagnetic with Neel temperature T N ∼ 2 2 K and k(T ) ∝ T 3 or T 2 respectively under T N or above it. Taking into consideration that the thermal conductivity κ of HTSC is expressed by the electron and phonon contributions, some investigators have considered whether phonons or electrons are responsible for the peak in k(T ) [19] . Bernasconi et al. [20] proposed a model for k(T ) containing linear and cubic terms, for YBCO ceramics with average grain sizes 150 µm, at temperatures below 0.3 K. This approximation gives reason to increase the cubic coefficient and to decrease to linear one as the middle granule sizes increase. Phonon-grain boundary scattering have been noted also for YBCO at T < 1 K [21, 22] 
Conclusion
A sample of Gd 0 5 Y 0 5 Ba 2 Cu 3 O 6 94 superconductor with T = 93 K was made by solid-state reaction. The behavior of κ(T ) agrees with XRD data for single-phase structure of the studied sample. The obtained T value from k measurement corresponds very well to the one estimated by studying the sample's AC magnetic susceptibility. The microstructure, thermal and magnetic properties of the studied sample remain stable over a duration of one year.
